a diphtheroid associated with pulmonary edema of swine, which, because of its location and species of animal infected, may have been C. pyogenes.
Since the original studies of Nocard (1896) and Preisz (1894), Corynebacterium pseudotuberculosis has been known to cause caseous lymphadenitis in sheep and ulcerative lymphangitis in horses. N6rgaard and Mohler (1899) described the occurrence of caseous lymphadenitis in the United States. This organism also has been found in suppurative conditions in cattle. Daines and Austin (1931) found it in skin lesions of tuberculin-reacting cattle.
Corynebacterium renalis was described in detail by Ernst (1905 Ernst ( , 1906 in his study of the cause of pyelonephritis of cattle. Jones and Little (1925) also found this organism associated with pyelonephritis of cattle. Magnusson (1923) was the first to describe Corynebacterium equi after isolating it from cases of pneumonia of colts. Dimock and Edwards (1931) added to the knowledge of this organism when they described cultures which had been isolated from foals.
There has been no consistency in the nomenclature and classification of the Corynebacteria of animal origin by various authors, and some species have been entirely overlooked. Eberson (1918) probably was the first to place C. pseudotuberculosis and C. pyogenes under the generic name Corynebacterium. Buchanan and Murray (1922) considered only one diphtheroid, C. pseudotuberculosis, of any consequence in animal disease. C. pyogenes was placed in the genus Hemophilus and assigned the name Hemophilus pyogenes.
Minett (1922) studied 53 strains of Corynebacteria from various sources, and on the basis of morphology, biology and immunity (agglutination) placed them in the following groups: I. PreiszNocard group; II. Wound diphtheroids; III. Skin diphtheroids; IV. Conjunctival diphtheroids, (a) equine, (b) bovine, (c) human; V. Nasal diphtheroids (horses); VI. Urine diphtheroids (a) equine, (b) bovine, (c) human; VII. Bacillus pyogenes; VIII. Bacillus lipolyticus; IX. Bacillus enzymicus; X. Throat diphtheroids (human). The article did not give any of the characteristics of the above groups.
Andrewes et al. (1923) included C. pseudotuberculosis-ovis and C. pseudotuberculosis-murium in a group which they titled "Special Diphtheroid Series." They observed that the latter organism would find a place in their group 7 with a number of human strains which they studied. C. pseudotuberculosis-ovis was not placed in any of their groups. Bergey et al. (1934) placed the diphtheroid organisms from animals in a group composed of short, thick, straight, barred and occasionally club-shaped rods. There appear to be many discrepancies in the descriptions of these organisms. C. pseudotuberculosis is the name given to a Gram-negative rod found in rodents. One of the cardinal characteristics of the Corynebacteria is their positive reaction to the Gram stain. The above organism is usually considered a Pasteurella. Bergey omits C. pyogenes. The well established C. pseudotuberculosis, which causes caseous lymphadenitis in sheep and ulcerative lymphangitis in horses is given the name C. ovis. C. bovis is given the credit for causing pyelonephritis in cattle while the organism C. renale, which has been considered to be the etiologic agent, has been relegated to a secondary place. Thomson and Thomson (1929) proposed five groups of Corynebacteria. C. pseudotuberculosis-murium was placed in group I which was composed of non-chromogenic, profuse-growing, aerobic and facultative anaerobic bacteria. C. pseudotuberculosisbotns was allotted to group III which included the non-chromogenic delicate growers, aerobic or anaerobic. C. equi was placed in group V, the chromogenic, profuse growers, aerobic or facultative. C. pyogenes was not classified. C. renalis was not mentioned. Kelser (1933) Smears for staining were made from cultures twenty-four to forty-eight hours old. Various Gram staining methods were used. The one which gave the most satisfactory results was the method described by Kolmer and Boerner (1931) , in which Weigert's gentian-violet solution and acetone were used. The Ziehl- Liver-infusion serum agar was used as the stock medium for this study. It was found that a liver-infusion broth base was more suitable than lean meat or heart-infusion broth. Not only was growth more abundant on this medium, but chromogenesis was more marked; in fact, a few cultures produced pigment only on this medium. To prepare this medium, two per cent granulated agar was added to liver-infusion broth. After sterilization in the autoclave and cooling to 450C., bovine serum which was sterilized by filtration, was added to the agar making 10 per cent of the total volume. The reaction of the medium was pH 6.6. This medium was found to be suitable for the isolation of the cultures obtained by the author and it produced suitable growth of all the cultures which were studied.
Various types of solid media have been described for the isolation of the diphtheria bacillus and related microorganisms. Douglas (1922) described a medium composed of nutrient agar, potassium tellurite and sterile trypsiniized serum. He found that colonies of Corynebacteria had a distinctive black color on this medium. In this study all the cultures grew with colonies of various shades of blackness, slate to jet black. The use of potassium tellurite in medium as a diagnostic agent for diphtheroids may lead to confusion. King and Davis (1914) studied the use of this salt as an indicator of microbial life. They described the macroscopical and microscopical appearance of most of the common species of pathogenic bacteria. It was found that all of the more common micro6rganism reacted with potassium tellurite forming characteristic black compounds. The reaction was probably due to a reduction of the tellurite. They found a dilution of 1:50,000 of the salt seemed to be most suitable as a general microbic indicator. The author found that many of the common bacteria produced black colonies on Douglas medium. Allison and Ayling (1929) described an improved medium for isolating C. diphtheria. They added copper sulphate to trypsinized-serum tellurite agar and found this medium inhibited the growth of streptococci and staphylococci, which were the organisms commonly found in the throat of man. The writer found this medium to be unsatisfactory for the cultures he studied. A very heavy seeding was necessary to get any growth of many cultures and the growth of C. pyogenes was entirely inhibited.
JOURNAL OF BACTERIOLOGY, VOL. 30, No. 1 An excellent medium for the isolation of C. pyogenes was Loeffler's medium to which was added 1 cc. of 1 per cent potassium tellurite to each 100 cc. of medium. This medium was particularly suitable for C. pyogenes because the serum was liquefied and the tiny black colonies contrasted with the white color of the medium could be seen in the liquefied depressions. (See fig. 1.) Hiss serum water, pH 7.0, was used for the fluid medium. For the fermentation reactions 1 per cent of the carbohydrate to be tested was added to the medium. Andrade's indicator was used to detect acid formation. Readings were made after 1, 2, 3, 5, 7, 10, 15, 20 and 30 days. When acid was formed in any of the tubes, agar slants were inoculated to determine the purity of the culture. Inoculations to determine growth were conducted on the tenth day on all cultures.
Litmus skim-milk was used to demonstrate the action of the microorganisms on milk.
The action of the various cultures on solidified serum was determined by growth on Loeffler's serum. Cow, instead of horse, serum was used.
Gelatin liquefaction was studied by growing the cultures in serum gelatin. Fifteen per cent granulated gelatin was added to liver-infusion broth to which serum, 10 per cent, was added.
The cultures were incubated at 370C. and observed every day for ten days. They were placed in a refrigerator for one hour each day in order to detect liquefaction.
Hemolysis was detected by growing the cultures in blood agar. The medium was prepared by adding sterile defibrinated rabbit's blood to a 2-per-cent heart-infusion agar, pH 7.2. Tubes were inoculated when cooled to 450C. and agitated gently to insure an even distribution of the bacteria in the medium. The medium was poured into Petri dishes in a thin layer. The final reading under 100 magnification was made on the fourth day.
Hydrogen sulphide production was ascertained by growing on lead acetate agar (Difco). Voges-Proskauer and methyl-red reactions were determined by growing the cultures in V.P.-M.R. medium (Difco), nitrite formation by growing the cultures on nitrate agar (Difco) using the test given for this medium and indol formation by growing the cultures in tryptophane broth (Difco) and applying the Gor6 test. Sterile cow serum, 10 per cent, was added to all the above media to assure uniform growth.
The oxygen relationship of the cultures was obtained by growing them in a semi-solid serum liver-infusion agar. Instead of a 2-per-cent agar, as used in the stock medium, a 1-per-cent agar was used. Tubes were filled one-half full with this medium. Two stab inoculations were made in each tube. They were incubated at 370C. for 10 days, observations being made each day.
AGGLUTINATION TECHNIC
The dry growth of some of the diphtheroids made it rather difficult to obtain uniform suspensions. This was especially true of C. pseudotuberculosis. Various methods to overcome this difficulty have been suggested. Bull and Dickinson (1931) described a method whereby they were able to get uniform suspensions of living bacteria by the use of bile salts in the diluting fluid and by shaking and centrifuging. Minett (1922a) was able to get a uniform suspension by grinding the growth, which had been dried over CaCl2, in a mortar and then slowly adding saline solution.
Uniform suspensions of the cultures used in this study were made as follows. Young actively growing cultures were transferred to freshly made serum agar slants. After twenty-four hours' incubation at 370C. the cultures were washed off with 1 per cent sodium chloride solution and transferred to thick-walled test tubes in which were placed glass beads. The suspensions were shaken for one hour in a mechanical shaker. They were then filtered through compact cotton pads. The cotton pads used in a milk sediment-tester proved satisfactory. The tubes were then centrifuged at low speed for fifteen minutes. The larger clumps were thrown to the bottom of the tubes. The supernatant suspensions were poured into flasks. Saline was added to the residue in the tubes which were again shaken and centrifuged. This procedure was continued until all the bacteria were in a uniform suspension. The suspensions were of the density of tube 2 of McFarland's nephelometer.
Suspensions made in the above manner were used to inoculate rabbits intravenously. None of them were attenuated except C. diphtheriae, which was subjected to 60'C. for one hour. The rabbits were given the following doses three days apart, 0.5 cc., 1 cc., 2 cc., 3 cc., 4 cc., 5 cc., for the production of agglutinating serum. The cultures inoculated into rabbits were chosen upon the basis of colony characteristics and fermentation reactions. They were considered to be different species or different strains of the same species. The health of the rabbits was not visibly impaired except in two cases. The rabbits which were given C. pyogenes, 8986, and the variant 112a developed subcutaneous abscesses and arthritis.
The agglutination tests were made by the rapid plate method. It was found that a number of the cultures settled during the forty-eight hours required for the macroscopic tube test. The suspensions for the plate test were made by centrifuging the dilute suspensions at high speed until as many of the cells as possible were thrown down. In the dry cultures all were precipitated but in the moist types of growth it was impossible to get all the bacteria out of suspension. The precipitated bacteria were then placed in suspension in 1 per cent sodium chloride solution. The suspensions were standardized to the density of 4 mm. by a Gate's nephelometer and 0.5 per cent phenol was added as a preservative. Equal amounts, 0.04 cc., of suspension and serum were used for preliminary agglutination reactions conducted with the different sera and with each culture. Those which showed a positive reaction were then tested using a standard amount of suspension, 0.04 cc., and varying amounts of serum; 0.08 cc., 0.04 cc., 0.02 cc., 0.01 cc. and 0.005 cc.
The tests were conducted on a glass plate placed on a box in which there was an electric light. The background was black. When agglutination occurred it was present within one minute in all cases. The reactions were very definite.
RESULTS

Morphology
The Corynebacteria are noted for their variability in size and shape. This becomes more apparent when they are grown on the various types of media. Some of the classical characteristics of these bacteria are their swollen, as well as pointed ends, striations, coccoid shapes, and metachromatic granules. They are nonmotile, and do not produce spores nor capsules. In liquid media they have a decided tendency to form clumps. A parallel (palisade) arrangement of the cells is often observed. This arrangement resembles that of streptococci, but the cells are ovoid, arranged side by side. Some of the Corynebacteria in this study can be recognized by their morphology.
C. pyogenes was the smallest. The morphology of this type is represented in figure 2 . It is seen that various shapes ranging from coccoid to bacillary are present. Club-like ends, as well as pointed ends, are visible. On serum agar the cells were large and there was more of a tendency toward the coccoid shape, although a few swollen bacillary forms were observed. The organism growing in milk assumed the bacillary shapes characteristic of those in the direct smear. In serum bouillon C. pyogenes was more ovoid than in milk. The formation of groups and the parallel arrangement of the cells was noted. Growth of strain (8986) on Loeffler's serum did not show metachromatic granules when smears were stained with Albert's stain.
C. pseudotuberculosis was distinctly coccoid when grown upon serum agar. Upon careful observation, however, it was seen that the cells were more ovoid. Parallel arrangements were also seen. Granules were formed when the organism was grown on Loeffler's serum medium ( fig. 3 ). The cells were longer on this medium than those on serum agar. The bacteria grown in milk and serum bouillon, were ovoid in shape and tended to form clumps.
C. renalis was the largest of the four species of diphtheroids included in this study. This organism had a distinct bacillary shape in all media. The direct smear ( fig. 4) Metachromatic granules were revealed in the majority of the cultures by Albert's stain after the cultures were grown on Loeffler's serum. More granules were seen when the cultures were not over forty-eight hours old. In older cultures the granules which were present were large. Smears from the cultures used in this study were also stained by the Ziehl-Neelsen acid-fast stain after they had grown on modified Petroff's medium and in milk. None of the cultures studied was acid fast.
Macroscopic growth characteristics The types of diphtheroids described here showed different growth characteristics. C. pyogenes grew on serum agar in a very small dew-drop like colony ( fig. 6 ) very similar to the colonies of streptococci. The edge of the colony was entire. Small granules were observed in the center and the outer part of the colony was very finely granular ( fig. 7) . As the culture aged, the colonies increased in size and became opaque and dry. One strain, 8664, which showed all of the biologic characteristics of C. pyogenes was isolated from a case of bovine metritis. This culture grew profusely on all media, was smooth and moist and produced a light yellow-colored pigment.
The growth of C. pseudotuberculosis was very dry on all media.
When the colony was small ( fig. 8 ) it was granular and the edge was often uneven. Other colonies the same size showed a central growth from which extended secondary colonies. This gave a pitted, and, in some cases, a mammillated appearance to the colonies when viewed under lower magnification. As the culture aged, it became granular and dry ( fig. 9 ). The entire growth could easily be lifted from the surface of the medium. The color range of the cultures was from a cream to an orange. C. renalis grew in a moist, cream-colored colony. The edges were irregular, but secondary growth was not observed (fig. 10) . The culture became dryer as it aged but never was as dry as C. pseudotuberculosis.
The growth of C. equi was very distinctive. Small, young colonies were finely granular with smooth edges (fig. 11 ). The organism grew rapidly, forming a heavy, moist, red-colored streak along the needle track. The growth was distinctly mottled ( fig. 12) .
Cultures 175 and 176 from milk, placed in Type V, were characterized by adhering so tenaciously to the medium that the growth was removed with difficulty. Otherwise they resembled C. renalis. The cultures 181 and 184 in Type VI developed rapidly and were moist and opaque.
In serum bouillon, C. pyogenes formed light powdery flakes on the walls and a finely granular sediment in the bottom of the tube. The liquid remained clear. A thick, granular pellicle was formed by C. pseudotuberculosis in serum bouillon. As this pellicle aged it fell to the bottom of the tube. In serum bouillon, C. renalis produced a white powdery growth which collected along the walls and in the bottom of the tube and in some cultures a thin pellicle was present. The liquid remained clear. Serum bouillon was uniformly clouded by C. equi. Very little sediment was formed and no pellicle was produced. Type V, milk cultures, grew in serum bouillon, forming a light powdery sediment. The cultures of Type VI, profusely growing, non-chromogenic organisms, produced a dense turbidity in serum bouillon and formed a thin membranous pellicle.
Biologic reactions All cultures of the Corynebacteria grew under aerobic conditions upon media to which serum was added. C. pyogenes, however, also grew well under anaerobic conditions in a semisolid serum agar. C. pyogenes was the only species which liquefied solidified-bovine serum and gelatin. The reaction of the different types was variable in milk. C. pyogenes caused coagulation of milk within forty-eight hours. Digestion of the curd then began and continued slowly until nothing but a very small mass remained in a water-clear whey. During the digestion process the milk had an acid reaction. C. pseudotuberculosis grew readily in milk but did not produce any change. The action of the strains of C. renalis was variable. Nine of the twenty strains studied caused a digestion of the milk casein with a resulting alkaline reaction but no coagulation. The digestion continued until the medium was of a blue transparent nature. No change occurred in eleven of the cultures. The cultures in Types IV and V did not alter milk. The two cultures of Type VI coagulated the milk and reduced the litmus. There was no digestion of the curd.
C. pyogenes was the only species studied which hemolyzed red blood cells. Indol was not produced by any cultures. None of the types gave a Voges-Proskauer reaction. Only Type VI gave a positive reaction to methyl red. Nitrite was formed by C. equi only. Hydrogen sulphide was not present in any of the cultures on lead acetate medium.
Carbohydrate fermentations C. pyogenes was actively saccharolytic. The fermentation reactions of the strains of this organism studied were quite uniform. One strain, 8664, fermented xylose, salicin and mannitol in addition to the sugars fermented by all the strains, and culture 8986 produced acid in xylose. This reaction was not true of the majority of the strains. C. pseudotuberculosis varied in its fermentation reactions. The majority of the strains fermented glucose, levulose, mannose, sucrose and maltose. C. renalis also was quite variable in its ability to ferment carbohydrates. Acid was formed in glucose by the majority of the cultures; many of them fermented levulose and mannose. One strain, 164, was unique in that it fermented only dextrin. C. equi, 15655, did not ferment any of the carbohydrates used in this study. Culture 175 Type V caused acid to form in glucose, levulose, galactose and sucrose. The two cultures placed in Type VI were quite active in their attack upon carbohydrates. They produced acid in 11 of the 15 sugars. It is interesting to note that serum from the rabbit inoculated with culture 296, C. diphtheriae, agglutinated two of the C. renalis strains, 34 and 8713, and one strain of C. pseudotuberculosis.
Sera produced by the injection of these three cultures agglutinated C. diphtheriae, 296.
VARIATION
A possibility that variation may occur in diphtheroids was mentioned by Daines and Austin (1931) . They wondered whether the organisms in their group 2 belonged to the same species as group 3. Group 2 was composed of typical PreiszNocard bacilli and in group 3 were placed the acid-fast strains which produced deep orange-colored, moist colonies. They ask, "Could these groups be smooth and rough variants of the same granular. Under low magnification (X 10) pit-like depressions could be seen in the growth of 112. The growth appeared uneven. The pit-like depressions were absent in culture 112a and the colonies appeared to coalesce. Strain 184 was a moistgrowing culture and was white. Variant 184a was moist but had an orange color. Strain 27-C-29 was a typical rough, dry culture of C. pseudotuberculosis while 27-C-29a was smooth, moist and orange in color. The three cultures, 112a, 184a, and 27-C-29a, were devoid of power to ferment the carbohydrates used in this study. Two strains, 112a and 184a, were agglutinated by serum 112a. It was noted that this serum caused the agglutination of 5 C. renalis strains (table 5 ) and a slight agglutination of 2 C. pseudotuberculosis strains (table 5) . Two other cultures, 95 and 8774, were placed in this group of variants. Culture 95 was obtained from the American Type culture collection and was called C. ovis (C. pseudotuberculosis). Culture 8774, appeared to be similar in all respects to culture 95. Both had a morphology similar to C. pseudotuberculosis, but they grew profusely, were moist and smooth and had a deep orangecolored pigment.
No acid-fast staining characteristics were noted in smears made from any of the cultures of Type VII grown on modified Petroff's medium and in milk. 
